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Introduction

Heights in Europe arenot asunifiedas3-D coordinatesΧ

ÁNational heightsystemsremainin use(with goodreason)

ÁOfficial realization of the EVRS is based on the UELN

ÁLatest realization EVRF2019

ÁGNSS-basedheightdeterminationin EVRF2019 requires
fitted heightreferencesurface(quasigeoid model) to transform 
ETRF20xx <> EVRF20xx seamlessly and

ÁNo such official product so far from EUREF
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Introduction

Working Group

ÁEstablished2021 throughEUREF Resolution No. 1/2021

Goals

ÁProvide comprehensive and easily accessible information about the national integrated spatial reference

ÁImprove interoperability of the national products of the height reference across borders

ÁEnable seamless GNSS-based height determination, thereby strengthen the importance of the EVRS

ÁImplement European height reference surface as an official realization of EVRS which is compatible
to the latest realizations of ETRS89 and EVRS (= fulfill EUREF resolutions, e.g. No. 5/2009)

Actions

ÁCRS-EU Reviseddatabasewith enhancedinformationon the verticalreference(geoidmodels)

ÁEHRS_CPNew homogenized GNSS/leveling dataset in current ETRS89/EVRS realization

ÁEHRS Develop and provide quasigeoid model fitted to ETRS89/EVRS realizations
(cooperation with IAG SC2.4a European Geoid / European Geoid Project)
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Vertical referenceand geoid for CRS-EU

Dec2021: Questionnaireabout integratedspatial
reference(ETRS89 realization, heights, geoidetc.)

Status

ÁFeedback from almostall countries
in mainlandEurope

ÁData inserted into draft CRS-EUv2 database
(internal at BKG)
Ą see next slide

Next steps

ÁResolveminor unclaritieswith dataproviders

ÁAdaptCRS-EU websitefor newdatabasestructure
The border of Kosovo is used 
without prejudice to positions on 
status and is in line with UNSC 1244 
and the ICJ Opinion on the Kosovo 
declaration of independence.
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Vertical referenceand geoid for CRS-EU

Summary of geoidmodels
extractedfrom newCRS-
EU database
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EHRS_CP GNSS/leveling data

Dec2021: Call for GNSS/levelingdata

Status

ÁFeedback from mostcountries in Central and 
Western Europe

ÁNew or updatedcountries in UELN due to the
requestĄ seeprevioustalk byM. Sacher

ÁSomecountries arestill workingon updating
their national heights

ÁConsistency checksand first test computations

Next steps

ÁContinuedatacollection(reminders)

ÁTry to resolveinconsistencies

The border of Kosovo is used 
without prejudice to positions on 
status and is in line with UNSC 1244 
and the ICJ Opinion on the Kosovo 
declaration of independence.
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EUVN-DA (old) vs. EHRS_CP (new) GNSS/leveling data

EUVN-DA EHRS_CP

Timespan Collected2003  ς2009
Db{{Υ αovera decadeά
LevelingΥ αм ς70 yearsά

PartlynewGNSS 
observations

GNSS Unspecifiednational ETRS89
at observationepoch
Ą unhomogenized

ETRF2000
at observationepoch
Ą homogenizedthrough
transformationfrom
national ETRFxx

Leveling EVRF2007 EVRF2019

Uplift model NKG2005LU (2000.0) NKG2016LU (2000.0)
CH: velocities
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Comparisonof first EHRS_CP data and EUVN-DA dataset(2003 ɀ2009)

1. Harmonizationof data

ÁEHRS_CP only: Transformation ETRFxxĄ ETRF2000 at observationepoch, if applicable

ÁConversionof ellipsoidalheightsfrom tide-free to zero-tide system

2. Comparisonsof GNSS/levelingwith geoidmodels

ÁGravimetricquasigeoid models: EGG2015, NKG2015, FAMOS/BSCD2000and D-A-CH geoidtest area

ÁComputationof differencesGNSS/levelingςgeoid

ÁDeselectobviousoutliers

ÁComparisonof statistics(with and without planar trend removed)

3. Tests to interpolate correctorsurface

ÁGRAVSOFT/GEOGRID: Griddingbasedon simple collocation, Gauss-Markov covariancemodel

ÁSimilarapproachimplementedby Sander Varblatestingdifferent covariancemodels(global vs. local)
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ComparisonEGG2015 (ăEUVN-DA | EHRS-CP Ą)
(h-H)-N

9
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ComparisonEGG2015 (ăEUVN-DA | EHRS-CP Ą)
(h-H)-N

Identical
points
for NO 
only

10
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ComparisonEUVN-DA vs. EHRS-CP
with EGG2015

CC EUVN-DA EHRS_CP

No. Mean Median STD No. Mean Median STD

AT 17 +0.038 +0.037 0.035 5 +0.051 +0.050 0.046

CH 20 +0.017 +0.020 0.034 209 лΦлнслΦлмс0.049

CZ 22 +0.016 +0.022 0.040 6 лΦлпллΦлор0.025

DE 85 лΦлмллΦллп0.030 359 лΦллслΦлмм0.025

EE 26 лΦлпрлΦлоф0.032 11 лΦлнолΦлнм0.014

ES 180 +0.062 +0.060 0.099 53 +0.029 +0.031 0.052

FR 164 лΦлмнлΦллн0.074 462 лΦлпрлΦлрп0.048

GB 181 лΦпотлΦппн0.121 240 лΦнммлΦннм0.063

IT* 72 +0.107 +0.105 0.096 148 +0.079 +0.079 0.070

LT 8 лΦллнлΦллн0.035 242 лΦлмфлΦлнм0.032

MK 13 +0.021 +0.044 0.083

NO 64 лΦломлΦлнл0.047 3224 лΦлрллΦлпс0.038

PL 61 +0.057 +0.059 0.030 38 лΦллслΦллс0.016

SE 134 лΦлнфлΦлнф0.022 185 лΦлоплΦлор0.022

SK 25 +0.046 +0.045 0.028 29 +0.029 +0.025 0.027

TR 11 +0.093 +0.109 0.076

*EUVN_DA:
IT without
Sicilyand 
Sardinia

See presentation
byM. Sacher
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Highlights: Switzerland (ăEUVN-DA | EHRS-CP Ą)
with EGG2015

EHRS_CP

Mean removed

STD 4.9 cm

Min ς17.3 cm

Max +16.7 cm

Planar trend
removed

STD 4.5 cm

Min ς14.6 cm

Max +18.1 cm

EUVN-DA

Mean removed

STD 3.4 cm

Min ς7.2 cm

Max +8.0 cm

Planar trend
removed

STD 3.3 cm

Min ς6.2 cm

Max +7.1 cm
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D-A-CH quasigeoid European Alps Geoid

D-A-CH geoid
modeldomain

D-A-CH gravity
(extendedgeoid)

Gravity data
after reductionof
global modeland 
residual terrain
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Switzerland (ăEGG2015 | D-A-CH_BKG Ą)
with EHRS_CP

D-A-CH_BKG

Mean removed

STD 2.6 cm

Min ς11.2 cm

Max +10.0 cm

Planar trend
removed

STD 2.6 cm

Min ς10.6 cm

Max +10.5 cm

EGG2015

Mean removed

STD 4.9 cm

Min ς17.3 cm

Max +16.7 cm

Planar trend
removed

STD 4.5 cm

Min ς14.6 cm

Max +18.1 cm
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Austria (ăEGG2015 | D-A-CH_BKG Ą)
with EHRS_CP

Residualsafter correctorsurface
(2 cm a-priori STD, 150 km correlationlength, Gauss-Markov covariancemodel)

EGG2015 D-A-CH_BKG
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CH / FR / IT
with EHRS_CP and EGG2015

Residualsafter correctorsurface
(2 cm STD, 150 km corr. length,
Gauss-Markov covariancemodel)

4-5 cm systematicbetween
France and Switzerland

ĄHeight offset?

Ca. 20 cm systematicbetween
Switzerlandand Italy/Lombardy

ĄGeoid model?

ĄHeight bias?

Ą Inconsistentvelocities?
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FAMOS/BSCD2000 geoid

17
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ComparisonBaltic Sea
with EHRS_CP

CC EGG2015 NKG2015 ς7cm BSCD2000grav + 27cm

No. Mean STD No. Mean STD No. Mean STD

EE 11 лΦлно0.014 11 +0.001 0.017 11 +0.006 0.013

LT 242 +0.019 0.032 242 +0.015 0.033 242 +0.010 0.028

NO 3224 лΦлрл0.038 3224 лΦллр0.035 1352 лΦлмм0.025

SE 185 лΦлоп0.022 185 лΦллу0.022 173 лΦллн0.017

EGG2015 NKG2015
ς7cm

BSCD2000grav
+ 27cm

18
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Conclusionsand outlook

ÁCRS-EU: New informationalmostcompleteĄ Implementation in websiteTBD

ÁEHRS_CP GNSS/levelingdata:

Á ImprovementoverEUVN-DA for manycountries

Á National ETRS89 realizationsseemfairly consistent(i.e., meanvalueswithin somecentimeters)

Á Reducedsystematicsin EVRF2019 over9±wCнллт όD.Σ L¢Σ Χύ

Á Further improvementin high mountainsexpectedwith newgravimetricgeoidmodels

Á Consistency CH/IT/FR to be investigated

Á Ongoingwork (morecountries, update EVRF202x and final version)

ÁLong-term action: Fittedquasigeoid modelfor EHRS

Á Pragmaticapproach: Blendbestavailableregional geoidmodels, build on tools from BSCD2000

Á Challenge correctorsurface: Robust interpolationwith varyingpoint densityand signal-to-noiseratio
Ą Investigationsstarted/ ongoing(BSCD2000, Sander Varbla)
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